In our earlier studies concerning the effect of cortisone on the incidence of chemically induced epidermal tumors in mice, the regrowth of hair was shown to be inhibited by cortisone adrninistered systemically by subcutaneous injections (1, 2) . As a result of this interference of cortisone with normal hair-follicular activity, a greatly increased tumor incidence was also shown to occur in the cortisone treated animals (1-3).
While we continued to study hair-follicular responses in mice, several subsequent investigators, in addition to Baker et al., also reported on the influence of cortisone and other corticosteroids on the hair cycle (Meites (9) ; Houssay (10); Mohn (11, 12) and Wliiteley (13) ). Nearly all of these studies were carried out in rats. The observations made were similar to those described first by Baker and his group.
It has thus become quite evident that corticosteroids can inhibit hair growth; and we have continued our experiments in order further to explore this inhibitory effect under carefully selected conditions. The present report deals with the first part of these experiments, i.e., with the effect of systemically administered cortisone on hair growth induced by plucking. In preliminary investigations, we had found that hair growth was inhibited by cortisone only when the steroid was administered within a short time after Received for publication June 10, 1961. In more recent experiments the cortisone effect was studied both on hair growth induced artificially (by plucking), and on natural growth. EXPERIMENTAL The hair was plucked during the resting phase (telogen) of the hair cycle, in order to initiate a new cycle, in analogy to the procedure of David (14) , Chase (15) and Montagna (16) . Relatively old mice were chosen for plucking, because in these the periods of follicular rest are longer and the progression of growth-waves is slower than in the younger animals. Thus, the chance of encountering follicles in the resting phase at the time of plucking was increased-in spite of the greater individual variations observed by Borum (17) , as well as by us in older mice in the pattern and spread of new hair generations.
Method and Materials
Twenty-one female Swiss Albino mice,f approximately five months old, with an average fasting weight of 22.5 gins, were employed. All mice received unrestricted "Rockland mouse diet" and water. The entire back of each animal was plucked by hand.
The animals were divided into two groups: Group I. Seven mice received no cortisone and served as control group.
Group II. Fourteen mice were injected subcutaneously in the inguinal area with cortisone acetate (20 mg/kg). The first injection was given within the hour preceding the plucking. Daily injections were made on five consecutive days a week, for 33 weeks. Most of the surviving mice were observed for three additional months after which time the experiment was regarded as terminated.
The time of emergence of hair on the plucked surface, as well as the pattern and the time of completion of regrowth all over the plucked area were carefully observed. The configuration of the "bare" area and the pattern of regrowth were recorded at short intervals by means of photographs and sketches. Biopsy specimeas were taken from the plucked back of every animal in both groups within two hours after plucking. During the fifth week, another excision for biopsy was made in every 243 t From Carworth Farms, New City, N. Y. surviving animal of the cortisone group in a site still bare at that time. In animals which died during the experiment, specimens were excised where the skin surface was still free of visible hair at the time of death. FINDING 
Group I (Control Animals)
In three of the seven animals complete epilation was obtained all over the back, and the entire back remained bare until the 11th day. On this day a very short, fine fuzz of new hair emerged evenly from the entire plucked surface.
The growth was completed on the 18th day after plucking at which time the length of the hair in the plucked area reached that prevailing on the remainder of the back.
The findings were about the same in a fourth animal-except for a considerably later appearance of the fuzz in a small area near the tail (23rd day after plucking).
In two other animals, epilation first seemed perfect over the entire back, but on the 3rd and 4th day, respectively, hair became visible in an area of irregular shape on the anterior part of the dorsum; this area became larger during the following days. In both animals, however, the greatest part of the dorsum remained hairless until the 11th day. On this day the previously bare surface suddenly showed the even fuzz of new hair. In a very small site only, near the tail of one of the two animals, the hair did not appear until 18 days after the plucking.
In the 7th control animal, a crescent-shaped area on the anterior dorsum remained covered with hair too short to be plucked at the time of epilation. This hair grew until it reached full length after one week. On the 11th day a fuzz appeared on the entire remainder of the plucked back.
The feature characteristic of the regrowth of hair common to all seven control animals was the sudden appearance of the new fuzz on the 11th day all over the areas which had remained bare until that day (graph, p. 244). This held true for the entire dorsum, except for a small area near the tail where the visible regrowth was lagging in two instances.
LENGTH OF TIME REQUIRED AFTER PLUCKING FOR THE ENTIRE PLUCKED SURFACE TO BE COVERED AGAIN WITH HAIR BOTH IN CORTISONE INJECTED AND IN CONTROL MICE.
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Between the 18th and 21st day, the new hair had reached its full length (plate p. 249, A). The fur was then uniform, shiny, and almost as thick as on the remainder of the body, so that it was hardly possible to recognize the area which had been plucked.
Microscopic examination of the specimens taken on the day of plucking confirmed the gross observations. Where evidence of growth was absent microscopically, no hair appeared on the surface prior to the 11th day after plucking. And, vice versa, where follicular activity was encountered microscopically, hair grew out soon after the plucking, at a time predictable from the stage of anagen observed in the biopsy specimen.
Group II (Cortisone-Injected Animals)
Two animals of this group died prior to termination of the experiment (one on the 11th, the other on the 61st day after the start). The other 12 animals tolerated the cortisone injections rather well and were stifi alive after 3 weeks of continuous administration, though they became somewhat underweight throughout the period of observation. Eight grams was the greatest difference between the average weights of the mice in the two groups. This maximum difference occurred during the 8th week, when the average weights of the control animals and of the cortisone injected animals were 28 and 20 grams, respectively. The difference declined to only 4 grams in the 33rd week-at termination of the cortisone administration when the weight of the control mice still averaged 28 grams and that of the cortisone injected mice had increased to 24 grams.
Perfect epilation of the dorsum was obtained in nine of the 14 animals. The back remained completely bare for 24 days or longer in three of these nine animals (plate p. 249, B). In the six other animals in which it had been possible to bare the entire back, hair appeared in a few circumscribed areas during the days following the epilation, but not later than on the 8th day (plate p. 249, C and D).
In the remaining five animals, some spotty areas with hair too short to be plucked were observed on the dorsum at the time of plucking.
During the next few days (but again not later than on the 8th day after the epilation), some of these hair-bearing areas enlarged and a few additional spots showed a new fuzz of hair.
Thus, after the 8th day, all animals of the cortisone group presented a common feature: the outline of the areas covered with hair had become stationary regardless of what had occurred earlier. This pattern remained unchanged for a period of time which varied from animal to animal. No other hair-bearing areas were noticed before the 24th day after plucking; in some animals they began to make their appearance even later, as late as on the 61st day after the epilation. Moreover, the back of one animal which died on the 61st day was stifi completely bare at the time of death. These findings are represented on graph 1, p. 244.
The new hair appeared in circumscribed islands; these enlarged gradually, as more and more additional sites showed regrowth of hair in analogous fashion, until the back was completely covered with hair. The earliest week in which hair again covered the entire back of an animal was the 7th-and the latest was the 19th week after plucking (graph, p. 244). The pattern of the new hair-bearing patches, as well as the sequence of their appearance in different regions of the back and their spread were quite irregular.
In nine out of the 12 surviving animals, however, the last area to be covered was a small site near the tail; in two instances hair growth did not begin in this site until 10 weeks after all other parts of the back had shown hair growth, which postponed complete covering of the back to the 11th and 18th week, respectively, after the plucking.
Bizarre patterns produced by patchy differences in the length and density of the regrøwing hair persisted for some length of time. Even after the new hair had reached about equal length all over the epilated area, the field of plucking stifi differed from its surroundings by a sparse, thin, and dull appearance of the new fur (plate p. 249, E), which in many instances was also shorter than the surrounding coat. During the following months, constantly changing patterns, resulting from new hair growth, continued to be observed in the fur covering the plucked area in a number of animals (plate p. 249, F). Nevertheless, in most instances the hair remained conspicuously sparse on the midback (an area naturally strongly subjected to friction).
After termination of the cortisone injections (after 33 weeks), even though differences had become less and less manifest in most animals, the plucked area could still be recognized for some time by its dull, relatively thin, and/or uneven coat. Three months following cessation of the cortisone administration the fur had returned to normal in the entire plucked area.
The microscopic findings obtained in our biopsy specimens were consistent with the gross observations. If there was no microscopic evidence of fofficular growth in the specimen taken on the day of plucking, the area remained bare for several weeks; where growth activity was found microscopically, hair appeared on the surface after a lapse of time consistent with the stage of anagen previously ascertained in the microscope.
The specimens taken from a bare area during the fifth week after plucking revealed absence of any growth activity in 11 of the 13 surviving animals. In the specimens from the remaining two animals, hair follicular activity was encountered; in both instances grossly visible hair growth promptly appeared in the area 3 days after excision of the specimens.
In all three specimens taken from the bare back of the animal which died in the 9th week of the experiment, the microscopic examination confirmed the absence of growth activity.
DISCuSSION
In agreement with our expectation the hair of the entire plucked area or of its greatest part was in telogen at the time of plucking, as was evidenced by the initiation of hair growth on the plucked back of the control animals. The The hair growth, however, which in several instances appeared in certain parts of the epilated area prior to the 11th day-or, more exactly, within 8 days-after the plucking was due to a spontaneous growth (the fourth pelage, according to the age of our mice and to Borum's tabulation (17)); this growth which had started prior to the plucking, but had reached the surface only thereafter, continued without any deviation from its normal course. It quite generally tended to appear in irregular islands and to progress "erratically".
It thus was possible to follow up both, spontaneous and deliberately induced hair growth in the same animals.
How did, under the chosen experimental conditions, cortisone affect these two types of hair growth?
Prior to the 11th day no difference was noticeable between the findings in the controls and the findings in the cortisone injected mice. The cortisone injections apparently did not prevent spontaneous growth which was in progress already for three or more days at the outset of the injections. The fact, however, that during cortisone administration new hair failed to appear between the 8th day and the 11th day after plucking, may indicate that spontaneous hair growth was inhibited by cortisone within three days after its inception. On the other hand, the cortisone injections failed to interfere with any new growth of hair when they were started later than three days after its beginning.
The facts that no hair had come out on the bare area at the 11th day after plucking and that no hair was visible for many weeks in that area, as well as the microscopic confirmation of the absence of any hair follicular activity in practically all biopsy specimens do not leave any doubt that hair growth ordinarily induced in immediate response to plucking can be inhibited by cortisone.
After some period of time, however, this cortisone effect faded out, as the entire back of the animals showed hair again some time between the 7th and 21st week after the epilation.
It has-on the basis of this experiment-not been possible to decide whether this regrowth should be regarded as a belated response to the plucking, or as part of a natural growth wave.
In spite of all its erratic features, the progressive spread of the growth might suggest that it is part of a wave.
After the hair eventually had made its appearance, the continued cortisone administration stifi impaired the growth, altering the character of the coat.
Besides being thin and dull, it remained very short for long periods of time, which indicated reduction in the rate of growth.
The sparsity of hair may have been caused by abnormally loose anchoring and consequently increased shedding of the new resting hair. This assumption was supported by maximal sparsity of hair on the mid-back which is predisposed to friction. It is because of this thinness of the new coat that changing patterns and new growth waves could be seen and followed up on the plucked dorsum, but not in unplucked skin areas of the cortisone animals. Normally the waves are not apparent-and they were not in our control mice either. Our observation of the inhibitory influence of systemic cortisone administration on the hair growth and our observation that after a number of weeks the cortisone injections ceased to produce this effect are both in line with the findings of Baker et al., who obtained similar results after external cortico-steroid applications to the skin of rats (6) (8).
The present results, however, differ from those reported by Mohn, who failed to observe "refractoriness" of the hair follicles to cortisone after prolonged administration in rats and who in the same studies did not note any change in quality of the fur (12) .
As to the mechanism underlying the inhibitory effect, the question arises whether or not the underweight of our cortisone mice had some bearing on the inhibition of hair growth observed. Butcher showed that underfeeding inhibits hair growth in young rats (18)----and Loewenthal and Montagna obtained similar results in young mice (19) . Following adrenalectomy, however, Butcher observed acceleration of hair growth in underfed rats, regardless of the physical condition of the animal (20) . Butcher furthermore found an increase in size and secretion of the adrenals in rats kept on a starvation diet (20) . Similarly, the observations of Baker and collaborators of hair growth inhibition in rats by external painting with corticosteroid solutions arc hardly compatible with an explanation of the effect by weight loss, even though no weights were reported by these investigators (4) (5) (6) . In all, the findings favor the assumption that adrenocortical secretion affects hair growth directly, and can do so independently of loss of body weight.
The mode of the steroid's action on hair growth is not yet understood. llerrmann suggested glycogen depletion in situ (3), Baker and collaborators locally increased protein catabolism (5); and Mohn the possibility of inhibition of local chondroitin sulfate synthesis (12) .
With every caution necessary in comparing observations made in different species it may be mentioned that the results here presented seem to be paralleled by the clinical observation of Perloff et at. (21) (22) that in women with hypertrichosis hair removed by mechanical depilation did not grow back when the plucking was combined with simultaneous administration of prednisone. In a general sense the cortisone effect obtained in our mice may be equivalent to the types of "telogen effluvium" of human scalp hair described by Kligman and attributed by him to various forms of stress (23) . sUMMARy 1) The dorsal hair of 21 Swiss Albino mice, five months of age, was plucked and 14 of the mice received subcutaneous cortisone injections for 33 consecutive weeks from the day of plucking.
2) Under the conditions of this experiment, cortisone inhibited the growth of hair which would ordinarily have been induced by the plucking.
3) Cortisone did not affect the natural hair growth already in progress for three or more days when the injections were begun. 4) During continued steroid administration, the growth inhibitory effect came to an end.
The plucked area was completely covered again with hair after a number of months, but differed from one mouse to another. The character of the new coat was affected by the continued administration of cortisone, although it tended to return gradually to normal.
